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GENERAL 
INTRODUCTION 
GENERAL INTRODUCTION 
Access to an adequate supply of food is the most basic of human needs and one of 
this basic rights. It is estimated that 500 milHbn people remain starved worldwide, 
12000 die of hunger everyday and 200 million children under the age of five suffer 
from calorie deficiency. To overcome this problem, there should be food security 
based upon availability, stability and accessibility of food supplies. To achieve 
national food security, a country must be able to grow sufficient food or have 
enough foreign exchange to enable it to import food. Likewise, households must 
have sufficient income to purchase the food they are unable to produce for 
themselves. The food insecurity is due to low productivity in agriculture combined 
with fluctuations in food supply and low income. This problem can be solved by 
boosting aquafarming. Traditionally though, fish farming was part of rural life in 
certain areas but the present day aquaculture has a much greater significance in 
socio-economic development and natural resource management. In many 
developing countries of Asia and Africa, geometric increase in population is 
leading to the shortage of food from the land resources and the land-man ratio is 
decreasing day by day. Therefore, the main food components are alarmingly 
depleting, protein is one of these. The fundamental aim of aquaculture is to 
provide protein rich diet at low cost. 
Nutritional quality of fish is superior over any other edible products as the 
fish protein is of high quality than protein of red meat because fish protein 
contains all indispensable amino acids in adequate amount required for maximum 
growth whereas some of these amino acids are present in deficient amount in red 
meat and do not meet the need for growth. Unlike terrestrial animals having 
polyunsaturated fatty acid of n6 series, fish contains adequate amount of 
polyunsaturated fatty acids of n3 series. Plant feedstuffs are also rich in protein but 
are limiting in some of the essential amino acids, these limiting amino acids are 
arginine, methionine, lysine and tryptophan. 
Aquaculture has emerged as one of the most promising industries in the 
world with considerable growth potential. Persistant demand for fish is 
overshooting supply in many parts of the world because of health food attributes. 
Aquaculture is characterized by high productivity, excellent FCR, better utilization 
of agriculture and animal waste and high quality protein. Seed and feed are the 
two main inputs in aquaculture. Seeds can be produced within the hatcheries and 
can also be procured from the natural resources. Since the natural productivity is 
not sufficient in ponds and tanks, supplementary feeding in the form of a balanced 
diet is required. Each species has different dietary requirements. Aquaculture has 
been the world's fastest growing food producing sector in the past decade with a 
growth rate of about 10% per year. With globally stagnating yields from capture 
fisheries and increasing demand for products, expectations from aquaculture to 
increase its contribution to the world of aquatic food are very high. Throughout its 
long history, aquaculture has contributed significantly to food supply and rural 
development, particularly in many communities of poor farmers in Asia. Morover, 
with more than 80% of the world's population expanding in developing countries 
by 2010, aquaculture can contribute immensely to food security and poverty 
alleviation in many countries. 
Asian aquaculture contributes about 90% of total aquaculture production 
and more than 82% of total aquaculture produced in low-income food-deficit 
countries. Food fish play such an important dietary role in Asian countries because 
of their ready availability and, more importantly, affordability. By contrast, the 
bulk of aquaculture food fish production in developed countries is generally 
restricted to the production of higher-value food fish species for luxury or export 
markets. However, even in the latter case, aquaculture has invariably reduced the 
price of high-value fish and shrimp and brought them within the reach of a larger 
brought them within the reach of a larger proportion of the population. If 
aquaculture food fish production is to contribute in a sustainable manner to food 
security in developing countries as a provider of an affordable source of much 
needed high-quality anirnal protein, it is essential that governments encourage the 
further development of aquaculture production systems targeted toward production 
of the lower-value herbivorous and/or omnivorous finfish and shellfish species 
that feed low in the aquatic food chain. These species are less demanding in terms 
of inputs and more efficient in terms of nutrient resource use as well as keeping 
feed and input costs to a minimum and usually within the economic grasp and 
capability of resource-poor farmers; thus, consumer prices are kept low. 
Around 7 million people are dependent directly or indirectly on fisheries 
for their livelihood and around 1/6* of world population is dependent on fish for 
animal protein. Presently, 56% of the population in our country is considered to 
include fish in their diet. The proportion of fish consuming population is expected 
to increase upto 70% in the next two decades. Thus, about 910 million population 
is projected to include fish in their diet by 2020.The present consumption offish in 
our country is 4 Kg per year as against a desired consumption level of 31 Kg per 
year. 
In India, estuarine system covering an area of 2.7 million ha gives huge 
scope for the brackishwater aquaculture. The total area under reservoir estimated 
stands 3.15 mha. The total freshwater aquaculture in the form of ponds and tanks 
is estimated to be more than 2.85 mha as against 12 mha for brackishwater 
aquaculture. Indian aquatic ecosystem inhabits more than 2,200 fmfishes 
comprising 60% marine species, 25% warmwater species, 7% brackishwater 
species besides 3.5% coldwater species. The fisheries has emerged as an industry 
with a rapid commercial growth in last two decades in India. It not only assures 
nutritional security but also provides a cheap source of animal protein. Presently, 
India holds third position in the world with a total fish production of 5.65 mmt. 
The marine sector contributes around 2.81mmt while inland contribution is around 
2.84 mmt. The contribution of fisheries to GDP is 1.4% and to the agriculture 
sector as a whole is 4.6% with an average growth rate of 7.5% as compared to 
6.1% from agriculture sector. The potential of inland sector is around 5.01 mmt. 
The aquaculture plays a very significant role in increasing the fish production from 
inland sector. The growth rate of marine sector is 2.32% during 1990-91 to 1999-
2000, while the inland fisheries has a growth rate of 8.28% during corresponding 
years. 
In early 1970s, catfish farming was in its infancy and farmers use to stock 
earthen ponds at rather low densities ranging from 2500 to 5000 
fingerlings/hectare in the spring and harvested the fish in the fall. Today, yields 
range from 4000 to 7000 kg/hectare. The increased yields can be attributed to 
higher stocking densities and improvements in the feeds, feeding practices, water 
quality management and disease control. 
The amount of dietary protein of a fish affects its metabolic state. High 
protein level in diet increases the free amino acid concentrations in the body, 
ammonia excretion, protein synthesis, gluconeogenic enzyme activities and 
decreases glycolytic enzyme activities (DeSilva and Anderson 1995). Excess 
amount of protein in fish diet can be utilized by fish for energy production and 
also fish has efficient system for eliminating nitrogenous waste as compared to 
other animals. When the process of protein synthesis is faster than protein 
degradation, growth will occur. Inadequate energy or essential amino acids in the 
diet results in protein degradation at greater rate than protein synthesis leading to 
the cessation of growth and loss of weight. This reflects the necessity of essential 
amino acids in the diet. Therefore, to satisfy the dietary protein requirement of a 
fish, the protein source must have adequate levels of all indispensable amino acids. 
If the indispensable amino acid requirements of fish are known, it may be possible 
to meet these in culture systems in a number of ways from different food proteins 
or combinations of food proteins. 
The proper intake of amino acids is required by fish not only to 
produce new proteins but also to cater the maintenance demand. When proteins 
are digested they are broken into its constituent units of amino acids. These amino 
acids are absorbed through the intestinal wall into the blood. There are 
approximately 25 amino acids present in the feed proteins of which 20 make up 
the fish tissue. Out of these, 10 amino acids can not be synthesized by the fish and 
are called as indispensable amino acids, these have to be taken fi-om outside 
through diets. The remaining amino acids can be synthesized by the fish and are 
termed as dispensable amino acids. Dietary amino acid requirements of fishes are 
worked out by feeding amino acid test diets containing graded levels of amino 
acid under study. Amino acid test diet contains either all crystalline amino acids or 
a mixture of casein, gelatin and crystalline amino acids to simulate the amino acid 
profile identical to that of whole chicken egg protein except for the amino acid 
being tested and are used to estimate the amino acid requirements of fish. The 
semipurified diets have usually included an imbalanced protein as the major 
source of the dietary amino acids e.g. zein (Kaushik 1979) or com gluten (Halver 
et. al. 1958, Ketola 1983), which is deficient in certain amino acids. These may be 
formulated with a fixed amount of intact protein and the remaining protein 
equivalent is made up of crystalline amino acids (Luquet and Sabaut 1974; 
Jackson and Capper 1982; Walton et al. 1984). 
The requirements for indispensable amino acids have been established 
for a number of cultured fish species such as African catfish, Clarias gariepinus 
(Fagbenro et al. 1998 •^^  1999'''^ ), Atlantic salmon, Salmo salar (Wilson and 
Cowey 1985; Carter et al. 2000) Asian sea bass, Lates calcarifer (Coloso et al. 
1999; Sveier et al. 2001; Williams et al. 2001), black sea bream, Spams 
macrocephalus (Ji, W. 2000) channel catfish, Ictalurus punctatus (NRC 1993; 
Harding et al. 1977; Wilson et al. 1977, 1978, 1980; Robinson et al. 1981), 
Chinook salmon, Oncorhynchus tshawytscha (Halver et al. 1957; NRC 1993), 
chum salmon, Oncorhynchus keta (Akiyama and Aral 1993), coho salmon, 
Oncorhynchus kisutch (Arai and Ogata, 1993), common carp, Cyprinus carpio 
(Nose 1979), European sea bass, Dicentrarchus labrax (Tibaldi and TuUi 1999), 
gilthead sea bream, Sparus aurata (Gomez-Requeni et al. 2003), hybrid striped 
bass (Twibell et al. 2003), Japanese flounder, Paralichthys olivaceus (Alam et al. 
2000, 2001, 2002*'), Japanese eel, Anguilla japonica (Nose 1970; NRC 1993), 
rainbow trout, Oncorhynchus mykiss ( Kim and Kayes 1982; Kim et al. 1983, 
1984, 1987; Ogino 1980; Poston and Rumsey 1983; Rodehutscord et al. 1995; 
Walton et al. 1982; Wilson and Cowey 1985; Xie and Jokumsen 1998; Yamamoto 
et al. 2000), Nile tilapia, Oreochromis niloticus (Santiago and Lovell 1988), 
Indian major carp, catla, Catla catla (Ravi and Devraj 1991), milkfish, Chanos 
chanos (Borlongan and Coloso 1993), sockeye salmon, Oncorhynchus nerka 
(NRC 1993), striped bass, Morone saxatilis (Small and Soares 1998, 1999), white 
sturgeon, Acipenser transmontanus (Ng and Hung 1995) and yellow tail, Seriola 
quinqueradiata (Ruchimat et al. 1997; Masumoto et al. 1998). 
Hybrid Clarias (Clarias gariepnus x Clarias macrocephalus), the fish 
selected under the present study, is one of the culturable catfishes. It is preferred 
for its hardiness, good quality and fast growth. The nutritional studies for this 
species are under infancy and much work has to be done for its culture. Although, 
dietary protein requirement of this hybrid catfish {Clarias gariepinus x C. 
macrocephalus) has been worked out (Hashim et al. 1992), no published 
information is available on any of its essential amino acids requirement. The 
present study was, therefore, undertaken to determine the dietary essential amino 
acid requirement and the findings are presented in the form of this dissertation. 
The study provides information on the arginine and lysine requirement of 
fingerling hybrid Clarias (C gariepinus x C macrocephalus). The data generated 
during the present study would be used in developing arginine and lysine balanced 
diets for the intensive culture of this species. 
GENERAL 
METHODOLOGY 
GENERAL METHODOLOGY 
Source of fish stock and their acclimatization 
Induced bred fingerlings of hybrid Clarias (Clarias gariepinus x Clarias 
macrocephalus) were procured from the Kolkata fish hatchery. These were 
transported to the wet laboratory in oxygen filled polythene bags, given the 
prophylatic dip in KMn04 solution (1:3000), and stocked in circular aluminium 
plastic lining (Plasticrafts Corpn., Mumbai, India, 4ft x 3ft x 3ft) fish tank (water 
volume 600L) for a fortnight. During this period, the fish were fed to satiation a 
mixture of soybean, mustard oil cake, rice bran and wheat bran in the form of 
moist cake twice a day at 0900 and 1600 hours. These were then acclimatized for 
one week on casein-gelatin based (40% CP) H-440 diet (Halver 2002) near to 
satiation. 
Preparation of experimental diets 
For studying the essential amino acids requirement of fingerling hybrid Clarias 
(C. gariepinus x C. macrocephalus), test diets containing graded levels of the 
amino acid under question were formulated. The dietary range necessary to 
quantify the requirement of amino acids was adjusted on the basis of information 
available on other fish species. Calculated quantities of crystalline amino acids 
(Chance et al. 1964) and salt mixture (Halver 2002) were thoroughly stirred in a 
volume of hot water (80 °C) in a steel bowl attached to a Hobart electric mixer. 
The pH of the resulting mixture was adjusted to neutral with 6N NaOH solution 
(Nose et al. 1974). Gelatin powder was dissolved separately in a volume of water 
with constant heating and stirring and then transferred to the above mixture. Other 
dry ingredients and oil premix, except carboxymethyl cellulose, were added to the 
lukewarm bowl one by one with constant mixing at 40°C temperature. 
Carboxymethyl cellulose was added last and the speed of the blender was 
gradually increased as the diet started to harden. The final diet, with the 
consistency of bread dough, was poured into a teflon-coated pan and placed into 
refrigerator to gel. The prepared diet was in the form of moist cake (50% dry 
matter) from which cubes were cut and stored at -20 °C in sealed polythene bags 
until used. 
Feeding trial 
Fish of the desired size and number were sorted out from the acclimatized fish lots 
maintained in the wet laboratory. These were stocked in triplicate groups in 70L 
high density polyvinyl circular troughs (water volume 55L) fitted with continuous 
water flow-through system. The water exchange rate in each trough was 
maintained at 1.0-1.5 L/min. The feeding regimes and levels were chosen after 
carefiilly observing the feeding behavior of the fish and their intake. As per the 
result obtained in the preliminary feeding trial, fish were fed test diets in the form 
of moist cake at the rate of 8% of the body weight six day a week twice a day at 
0900 and 1600 h. The feeding trials lasted for four weeks. Initial and weekly body 
weights were recorded on a top loading balance (Precisa 120A). Troughs were 
siphoned off to remove fecal matter before feeding daily. Accumulation of the diet 
at the bottom of the trough was avoided. Uneaten food was siphoned off 
inmiediately over a pre-weighed filter screen, dried in a hot air oven, and 
reweighed to measure the amount of food consumed. No feed was given on the 
day of weekly measurement. Troughs were scrubbed and disinfected thoroughly 
with water and KMn04 solution on the day of weekly measurement. Mortality, if 
any, was recorded. At the end of the experimental trial, desired number of fish 
were randomly sacrificed and kept in freezer (-20 °C) for the assessment of carcass 
body composition. 
Proximate analysis 
Assessment of proximate composition of ingredients, diets and carcass was made 
using standard techniques (AOAC 1995). All chemical analysis were based on 
triplicate samples. 
Moisture 
A known quantity of sample was taken in a pre-weighed vitreosil crucible and 
placed in a hot air oven at 105±1 °C for 24 hours. After complete drying the 
sample was cooled at room temperature in a desiccator and was reweighed. The 
loss in weight gave an index of water from which its percentage was calculated. 
Ash 
A known quantity of dried powdered sample (2-5g) was taken in pre-weighed 
silica crucible and incinerated in a muffle fiimace (600 °C) for 2-4 hours or till the 
sample became carbon-free and completely white. The crucible was cooled in a 
desiccator and reweighed to estimate the quantity of ash. The result was expressed 
as percentage on dry weight basis. 
Fat 
Crude fat was estimated by continuous soxhlet extraction technique using 
petroleum ether (40-60 °C B P) as solvent. Finely powered and dried sample (2-4 
g) was placed in whatman fat extraction thimble, plugged with cotton, and placed 
in the soxhlet apparatus. A clean, dry soxhlet receiver flask was weighed and fitted 
to the soxhlet assembly on a boiling water bath for extraction which was 
continued for 10-12 hours. After extraction the flask was removed and kept in hot 
air oven (100 °C) to evaporate the traces of solvent. It was then transferred to a 
desiccator, cooled and reweighed. The difference between the weight of the flask 
before and after gave the quantity of crude fat extracted from the unknown amount 
of the sample. The result was expressed as percentage on dry weight basis. 
Crude protein 
Wong's micro-Kjeldahl method as adopted by Jafri et al. (1964) was used for 
estimating the protein. The principle of this technique involves digesting a known 
quantity of sample with N-free sulphuric acid in the presence of a catalyst, 
potassium persulphate which convert the nitrogenous compound to ammonium 
sulphate. This is then nesslerized and the colour developed, due to the formation 
of complex compound (NHg2l), is measured spectrophotometrically. The optical 
density is read off against a standard curve of (NH4)2 SO4 for nitrogen estimation 
from which the amount of crude protein is calculated. A known quantity of dried, 
finely ground sample (0.1-0.5g) was taken in a Kjeldhal flask containing 5 ml of 
nitrogen-free sulphuric acid (1:1) and heated till fumes disappeared. After cooling, 
0.5 ml of nitrogen-fi-ee saturated potassium persulphate was added to oxidize the 
digesting mixture. The digestion was continued for about 12-14 hours or till the 
solution in the Kjeldhal flask became water clear, indicating that all the 
nitrogenous material present in the sample has been converted into ammonium 
sulphate. After cooling, the digested mixture was transferred to a 50 ml volumetric 
flask and raised to mark with double distilled water. 0.5 ml of aliquot of the 
digested sample was taken in a dry test tube and 0.1 ml each of sulphuric acid 
(1:1) and saturated potassium presulphate solution added to it. The volume was 
raised to 3 ml with double distilled water. This was then nesselerized with 7 ml of 
Bock and Benedict's Nessler's reagent (Oser 1971). The solution was kept at room 
temperature for 10 minutes for complete colour development. A blank was 
prepared side by side substituting the aliquot with distilled water. The absorbance 
was measured after setting the instrument with a blank at 480 nm. A 
microprocessor controlled spilt beam spectronic 1001 spectrophotometer (Milton 
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Roy Company, USA) was used. The intensity of colour developed was 
proportional to the amount of ammonium sulphate contained in the solution. The 
value of optical density obtained for various samples were read off against the 
standard curve (Fig.l) prepared by taking readings of a series of different dilution 
containing different grades of known amount of nitrogen which was multiplied 
with conventional protein factor (6.25 X N) to obtain the crude protein in the 
sample. The result was expressed as percentage on dry weight basis. 
Gross Energy 
Gross energy was determined on a ballistic bomb calorimeter (Gallenkamp, 
Loughborough, England). Prior to estimate, a known quantity of dried powdered 
sample (0.5-l.Og) was taken in metallic crucible and compacted careftilly to 
increase the rate of combustion at 25 lb oxygen pressure. The heat generated upon 
combustion was read on the modulated galvanometer scale, and converted to 
energy equivalent, worked out earlier using the thermo chemical grade benzoic 
acid (6.32 kcal g'') as a standard. The gross energy was expressed as kcal g''. 
Energy of ingredients used in the test diet were calculated as 4.83, 5.52, 5.8, 3.83 
and 9 kcal g"' for gelatin, casein, amino acid, dextrin and fat, respectively as 
estimated on Gallenkamp ballistic bomb calorimeter. 
Assessment of growth and conversion efficiencies 
Calculations of the growth parameters were made according to the following 
formulae (Wee and Tacon, 1982; Tabachek, 1986; Hardy, 1989 and Gunasekera et 
al. 2000): 
W -W Gain in live weight (%) = — -^x 100 
11 
Specific growth rate (%) = l^ I^^^^U^^^x 100 
W2 = Final weight offish 
Wi = Initial weight of fish 
D = Duration of the feeding trial (days) 
„ J . . Dry weight of feed consumed 
reed conversion ratio = — —^^-^ 
Wet weight gain 
r . ^ • « • • X- Wet weight gain 
Protein efficiency ratio - Protein consumed (dry weight basis) 
„ . , (BW.xBCPA-iBW.xBCR) 
Protein deposition = xlOO 
TFxCP 
BWf & BWi = mean final and initial body weight 
BCPf & BCPi = mean final and initial percentage of carcass protein 
TF = Total amount of diet consumed 
CP = Percentage of crude protein in diet 
Statistical Analysis 
Responses of fingerling hybrid Clarias (C. gariepinus x C. macrocephalus) fed 
graded levels of test amino acids were measured by live weight gain (%), :f eed 
conversion ratio (FCR), protein efficiency ratio (PER), Specific growth rate (SGR) 
and by analyzing the carcass composition. These response variables were 
subjected to one-way analysis of variance (ANOVA) (Snedecor and Cochran 1967 
and Sokal and Rohlf 1981). To determine significant differences (P<0.05) among 
the treatment means, Duncan's Multiple Range Test (Duncan 1955) was 
employed. Broken line model (Zeitoun et al. 1976) was used to find out the break-
point in the growth curve. The break-point obtained represented the optimum 
12 
requirement for amino acid under study. Second degree polynomial regression 
analysis (Y= a+bx+cx'^ ) was employed to FCR to predict more accurate response 
to the dietary intake. 
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Table 1. Composition of mineral mixture* 
Minerals g/lOOg 
Calcium biphosphate 13.57 
Calcium lactate 32.69 
Ferric citi'ate 02.97 
Magnesium sulphate 13.20 
Potassium phosphate (Dibasic) 23.98 
Sodium biphosphate 08.72 
Sodium chloride 04.35 
Aluminium chloride. 6H2O 0.015 
Potassium iodide 0.015 
Cuprous chloride 0.010 
Manganous sulphate H2O 0.080 
Cobalt chloride 6H2O 0.100 
Zinc sulphate 7H2O 0.300 
*Halver, 2002 
Table 2. Composition of vitamin mixture* 
Vitamins g/lOOg 
Alpha cellulose 8.000 
Choline chloride 0.500 
Inositol 0.200 
Ascorbic acid 0.100 
Niacin 0.075 
Calcium pantothenate 0.050 
Riboflavin 0.020 
Menadione 0.004 
Pyridpxine HCI 0.005 
Thiamin HCI 0.005 
Folic acid 0.0015 
Biotin 0.0005 
a-Tocopherol acetate** 0.040 
Vitamin B12*** 0.00001 (0.5 ml) 
*Halver, 2002. 
**Incorporated with oil. 
***(10mg/500mlH2O). 
Table 3. Composition of the amino acid mixture* 
Amino acids 
(L-series) 
Arginine 
Histidine 
Isoleucine 
Leucine 
Lysine monohydrochloride 
Methionine 
Cystine 
Phenylalanine 
Tyrosine 
Threonine 
Tryptophan 
Valine 
Alanine 
Aspartic acid 
Glutamic acid 
Proline 
Serine 
Glycine 
Total 
Amino acids 
(g/100 g) 
8.299 
2.371 
7.588 
8.726 
9.829 
3.913 
2.276 
5.976 
4.268 
4.102 
1.422 
6.924 
5.454 
3.272 
6.711 
7.968 
1.636 
12.259 
100.000 
Protein supplied by amino 
acids (g/100 g) 
16.680 
4.013 
5.064 
5.823 
6.546 
2.295 
1.658 
3.167 
2.062 
3.015 
1.219 
5.174 
5.359 
2.152 
3.993 
6.058 
1.363 
14.295 
89.936 
* Calculation based on Chance et al, 1964. 
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CHAPTER 1 
CHAPTER 1 
DIETARY ARGININE REQUIREMENT OF FINGERLING HYBRID 
CLARIAS (Clarias gariepinus x Clarias macrocephalus) 
INTRODUCTION 
Fish is the world's fifth largest agricultural resource after rice, forest products, milk 
and wheat and accounts fox 7.5 percent of total world production. More than one 
billion people around the world depend upon fish as their primary source of animal 
protein. About 50 million people rely on small-scale fisheries through culture, 
catching, processing, trading or marketing, for their livelihood. Although, the total 
production of finfish and shellfish from capture fisheries amounted to 92 million mt 
in 1995, only 61 million mt (live weight) or 66.3% was available for direct human 
consumption as 'food fish'. The remainder (31 million mt) was reduced into 
fishmeal and fish oil for use in animal feeding or for industrial purposes. Out of the 
total world farm animal meat production of 222.1 million mt, pig meat, beef and 
veal, chicken meat, mutton and lamb, and all others contribute to 37.6, 24.0, 20.9, 
3.2, and 8.1%, respectively. In terms of food supply, aquaculture produced the 
equivalent of 13.7 million mt of aquatic animal meat products for direct human 
consumption, or 6.2% of the total world farmed animal meat production. Thus, 
aquaculture ranks fourth in terms of global meat production. In addition to human 
food, fish is also used in animal feeds, and wide range of industrial and 
pharmaceutical products. 
Aquaculture involves substantial use of nutritionally adequate artificial 
feeds. Basic diet for fish must contain graded levels of high quality protein and 
energy and adequate balances of essential fatty acids, vitamins and minerals. 
Nutritional studies have proven boom to the aquaculture. Among finfish species, 
catfish culture plays a major role in boosting aquaculture production. Nutrient 
requirements of some cultivable fish species including that of salmon, trout, carp 
and channel catfish have already been worked out. 
Arginine is one of the limiting amino acids required by the fish in adequate 
amount. All species require substantial amounts of dietary arginine for maximum 
growth. Fish can synthesize arginine (Chiu et al., 1987) but this amount may not be 
enough to meet the needs for maximum growth. Therefore, dietary arginine 
requirement for each species has to be worked out. Arginine requirements have 
been worked out for a number of fish species including Atlantic salmon (Lall et al. 
1994; Berge 1999; Berge et al. 1997, 2002; Rollin 1999), Asian sea bass (Gurrea et 
al. 2001), catla (Ravi and Devaraj 1991), channel catfish (Robinson et al. 1981; 
Buentello and Gatlin 2000), chinook salmon (Klein and Halver 1970), chum 
salmon (Akiyama and Arai 1993), Clarias hybrid (Unprasert 1994), coho salmon 
(Klein and Halver 1970; Arai and Ogata 1993; Luzzana et al. 1998), common 
carp,(Nose 1979; Ogino 1980), European sea bass (Kaushik 1998), giant gouramy 
(Suprayudi et al. 2000), gilthead bream (Luquet and Sabaut 1974; Kaushik 1998), 
hybrid striped bass (Griffin et al. 1994), Japanese eel (NRC 1993), Japanese 
flounder (Forster and Ogata 1998; Alam et al. 2002), milkfish (Borlongan 1991); 
Mossambique tilapia (Jackson and Capper 1982); Nile tilapia (Santiago and Lovell 
1985), rainbow trout (Kaushik 1979; Ogino 1980; Chiu et al. 1988; Rodehutscord 
et al. 1995; Forster 1993; Walton et al. 1986; Kim et al. 1992; Cho et al. 1992; 
Ketola 1983), red drum (Moon and Gatlin 1991; Barziza et al. 2000), red sea bream 
(Forster and Ogata 1998), rohu (Khan and Jafri 1993; Murthy and Varghese 1995), 
sea bass (Coloso et al. 1993; Tibaldi et al. 1994), striped sea bass (Small and Soares 
1998), turbot (Kaushik 1998), wels (Toth 1986), white sturgeon (Ng and Hung 
1995), and yellow perch (Twibell and Brown 1997). 
Knowledge of nutrient requirements of hybrid Clarias (C.gariepinus x C. 
macrocephalus) which have become of interest recently is restricted. Although, 
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protein requirement of hybrid catfish (Clarias gariepinus x C. macrocephalus) has 
been worked out (Hashim et all992), no published data is available on the amino 
acid requirements of this fish. Present study was, therefore, undertaken to 
determine the dietary arginine requirement of fingerling hybrid Clarias (C. 
gariepinus x C. macrocephalus). 
MATERIALS AND METHODS 
Preparation of amino acid diet 
Six isonitrogenous (40% CP) and isocaloric (4.28 kcal/g, GE) amino acid test 
diets containing graded levels of arginine were formulated using casein, gelatin 
and L-crystalline amino acid premix (Table 1). The dietary range necessary to 
quantify the arginine requirement was adjusted on the basis of information 
available for chaimel catfish, Ictalurus punctatus (NRC 1993). L-crystalline amino 
acid mixtures were prepared taking into account the amount of amino acids 
contributed by casein and gelatin. The dietary protein level was fixed at 40%, 
reported optimum (Hashim et al. 1992) for the growth of hybrid catfish (Clarias 
gariepinus x C. macrocephalus) and the overall composition of L-crystalline 
amino acids in the test diets simulated the amino acid profile to that of 40% whole 
chicken egg protein, excluding the amino acid arginine. The levels of L-arginine 
were in increment of 0.25g/100g of dry diet. Diets were made isocaloric and 
isonitrogenous by adjusting dextrin and non-essential amino acid glycine. 
Method of preparation of experimental diets has been discussed under 
General Methodology Section (Page 7-8). Proximate composition of the diets and 
carcass was estimated according to standard methods as described earlier (Page 9-
11). 
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Feeding trial 
Source of fish, their acclimation and details of general experimental design have 
already been described under General Methodology Section (Page 7-8). 
Fingerlings (4.2 ± 0.03 cm; 0.56±0.04g) of hybrid Clarias (C. gariepinus x 
C. macrocephalus) were stocked in triplicate groups in 70 L circular polyvinyl 
troughs (water volume 55L) fitted with continuous water flow—through (1-
1.5L/min) system at the rate of 12 fish per trough for each dietary treatment level. 
The fish were fed diet in the form of moist cake at a rate of 8% of their body 
weight (divided in two equal halves) per day at 0900 and 1600 h. No feed was 
offered to the fish on the day the weekly measurements were taken. Initial and 
weekly weights were recorded on a top loading balance (Precisa 120A) and feed 
allowances adjusted accordingly. The feeding trial was conducted for four weeks. 
Fecal matter and unconsumed feed, if any, were siphoned off before feeding. The 
average water temperature, dissolved oxygen, free carbondioxide, pH and total 
alkalinity over the four week feeding trial, based on dietary measurements, were 
25-27 °C, 6.4-7.5 ppm, 6.5-10.5 mg/L, 7.1-7.9 and 65-80mg/L, respectively. These 
values were recorded following the standard methods (APHA 1992). 
Grov^h parameters and feed utilization efficiencies were estimated using standard 
definitions (Page 11-12). 
Chemical analysis 
Proximate composition of casein, gelatin, and experimental diets, initial and 
final carcass was estimated using standard AOAC (1995) methods for dry 
matter (oven drying at 105±1°C for 22 h.), crude protein (N-Kjeldhal 6.25), 
crude fat (solvent extraction with petroleum ether B.P. 40-60 °C for 2-4 h.). 
Gross energy content was determined on a Gallenkamp ballistic bomb 
17 
colorimeter (Loughbrough U.K.). Amino acid analysis of casein and gelatin 
was made with the help of Beckman System Gold HPLC unit. 
Statistical analysis 
All the growth data were subjected to analysis of variance (Snedecor and Cochran, 
1967; Sokal and Rohlf, 1981). Differences among treatment means were 
determined by Duncan's Multiple Range Test at P<0.05 level of significance 
(Duncan 1955). The break-point for optimum dietary requirement for arginine was 
estimated using quadratic regression analysis, as described by Zeitoun et al. 
(1976). 
RESULTS 
Growth performance of fingerling hybrid Clarias (Clarias gariepinus x Clarias 
macrocephalus) fed diets containing graded levels of arginine for four weeks are 
shown in Table 2. Significant (P<0.05) differences in live weight gain, feed 
conversion ratio (FCR), protein efficiency ratio (PER) and specific growth rate 
(SGR) were evident. Weight gain, FCR, PER and SGR were found to improve 
with the increase in dietary arginine concentrations from 1% (2.5% of dietary 
protein) to 2% (5% of dietary protein) of the dry diets. Significantly higher 
(P<0.05) growth (523%) was observed in the fish fed 2.0% arginine of the diet and 
increase of arginine beyond this level could not provide significantly additional 
growth. Best FCR (1.41), PER (1.78) and SGR (6.53) were also noted at the above 
level of dietary arginine. On subjecting the growth data to quadratic regression 
analysis (Zeitoun et al. 1976), a break-point was evident at approximately 1.78% 
arginine of the dry diet, corresponding to 4.45% of the dietary protein (Fig. 1). 
The mathematical relationship being; 
Y=-461.868 X^ + 1646.794 X-1004.3 (r=0.878, P<0.05) 
18 
The FCR (Y) to dietary levels of arginine (X) relationship was best described by a 
second-order polynomial curve (Fig. 2). 
The relationship being; 
Y = 1.240 X ^ ^.941 X +6.462 (r = 0.986, P<0.05) 
Based on the above equation, the break-point occun-ed at a dietary level of 
approximately 2.0% arginine of the diet, corresponding to 5.0% of dietary protein 
(Fig. 2). 
Carcass composition of fish fed diets containing graded levels of arginine 
is presented in Table 3. Significantly (P<0.05) higher fat and lower moisture 
values were obtained in carcass of fish fed diet with 1.5% arginine. Maximum 
moisture and minimum fat was noted in fish carcass fed diet with 2.25% arginine. 
An inverse relationship between fat and moisture content was evident. Significant 
(P<0.05) differences in carcass ash were recorded in fish fed diets containing 
different dietary levels of arginine. Ash content was noted to be significantly 
(P<0.05) higher in fish fed lower doses of arginine (1.0, 1.25 and 1.5%) as 
compared to fish fed higher doses (1.75, 2.0 and 2.25%)) of dietary arginine where 
insignificantly lower carcass ash content was evident. However, carcass ash 
content among higher and lower groups of dietary treatments remained 
insignificantly (P>0.05) different. Carcass protein and protein deposition values 
were recorded to be significantly (P<0.05) higher at 2.0% dietary arginine, 
indicating to the more efficient utilization of the indispensable amino acids at this 
level than other dietary arginine levels. (Fig. 3) 
DISCUSSION 
Arginine is involved in many metabolic pathways such as protein synthesis, urea 
production, interrelation with the metabolism of glutamic acid and proline, 
synthesis of creatine and synthesis of polyamines (Hird 1986). The metabolic 
demand of the different pathways could also interfere with the arginine 
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requirement for protein synthesis, leading to very different dietary requirements of 
arginine. 
The present finding indicates that an inclusion of 2.0% arginine in the diet 
provide higher weight gain (523 %) and best FCR (1.41), PER (1.78) and SGR 
(6.53). However, on subjecting the growth data to second order polynomial 
regression analysis, a break point occurred at 1.78% dietary arginine, 
corresponding to 4.45% of dietary protein. This optimum dietary arginine 
requirement for hybrid Clarias (C. gariepinus x C. macrocephalus) is very close to 
the requirement reported for hybrid striped bass 4.4% (Griffin et al. 1994) and 
African catfish 4.5% (Fagbenro et al. 1999 )^ and higher than the values reported 
for Atlantic salmon 4.1% (Lall et al. 1994), channel catfish 4.3% (Robinson 1981), 
Clarias hybrid 3.6% (Unprasert 1994), coho salmon 3.2% (Arai and Ogata 1993), 
common carp 4.3% (Nose 1979); 3.8% (Ogino 1980), hybrid striped bass 4.4-
4.1% (Griffin et al. 1994), Japanese flounder 4.08-4.2% (Alam et al. 2002"), 
Mozambique tilapia 4.0% (Jackson and Capper 1982), Nile tilapia 4.2% (Santiago 
and Lovell 1988), rainbow trout 3.3% (Kaushik 1979); 3.6-4.0% (Walton et al. 
1986); 5.4-5.9% (Ketola 1983), rohu 2.9% (Khan and Jafri 1993), sea bass 3.9% 
(Tibaldi et al. 1994) and lower than values reported for Atlantic salmon 5.0-5.1% 
(Berge 1999); 4.6% (Rollin 1999), catla 4.8% (Ravi and Devaraj 1991), chinook 
salmon 6.0% (Klein and Halver 1970), chum salmon 6.5% (Akiyama and Arai 
1993), coho salmon 5.8% (Klein and Halver 1970); 4.9% (Luzzana et al. 1998), 
European sea bass 4.6% (Kaushik 1998) and milkfish 5.3% (Borlongan 1991). 
Dietary arginine deficiency can cause reduced growth, increased mortality 
and incidence of lordosis as reported in common carp (Tacon 1992). Neither any 
pathological symptom: nor mortality were found during the present feed trial. 
Excessive arginine intake had no adverse effect on sea bass performance (Tibaldi 
et al. 1994). Other similar studies carried out to assess the arginine requirement of 
warmwater fish species such as carp (Nose 1979) and channel catfish (Robinson et 
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al. 1981) have produced the same results. However, impaired growth and reduced 
efficiency of feed utilization were noted in present study on hybrid Clarias (C. 
gariepinus x C. macrocephalus) when fed excessive amounts of arginine than 
requirement. The fall in the growth of fish beyond requirement level may be due 
to the arginine-lysine interaction. Impaired growth and efficiency of feed 
utilization were also noted in tropical fish species like Nile tilapia (Santiago and 
Lovell 1988) and milkfish (Borlongan 1991) when fed on excessive dietary 
arginine. Inclusion of required amount of arginine in diets results in better growth 
and survival offish. 
It has been suggested that wide variability and reliability of the arginine 
requirement of the fish obtained by conventional growth studies may be affected 
by different basal diet composition, fish size and age, feeding levels and 
envirormiental and culture conditions adopted in different laboratories (Cowey and 
Luquet 1983, Tacon and Cowey 1985, Kim et al. 1992). 
Dietary arginine requirement of hybrid Clarias (C. gariepinus x C. 
macrocephalus) was worked out to be 1.78% of the dry diet, corresponding to 
4.45% of protein. Data developed during the present study would be useful in 
developing arginine balanced diets for the intensive culture of this fish. 
SUMMARY 
Dietary arginine requirement of hybrid Clarias (C gariepinus x C. macrocephalus) 
fingerling (4.2±0.03cm, 0.588±0.043g) was determined by feeding six 
isonitrogenous (40% CP) and isocaloric (4.28kcal/100g, GE) amino acid test diets 
containing casein, gelatin and L-crystalline amino acids with graded levels of 
arginine (1.00%, 1.25%, 1.50%, 1.75%, 2.00%, 2.25%) for four weeks in triplicate 
groups. Live weight gain and food conversion ratio were significantly (P<0.05) 
higher in fish fed diet containing 2.0% of the dietary arginine. Second degree 
regression analysis of live weight gain and FCR data indicated the dietary arginine 
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requirement at 1.78% and 2.0% of the dry diet, corresponding to 4.45% and 5.0% 
of the dietary protein, respectively. Significantly (P<0.05) higher carcass protein 
was recorded at the requirement level (2.0%). Maximum carcass fat and minimum 
moisture were noted at 1.50% of dietary arginine. Ash content was noted to be 
significantly (P<0.05) higher in fish fed lower doses of arginine (1.0, 1.25 and 
1.5%) as compared to fish fed higher doses (1.75, 2.0 and 2.25%) of dietary 
arginine where insignificantly lower carcass ash content was evident. However, 
carcass ash content among higher and lower groups of dietary treatments remained 
insignificantly (P>0.05) different. The average water temperature, dissolved 
oxygen, free carbondioxide, pH and total alkalinity during the dietary treatments 
were recorded. No mortality was noted during the feeding trial. 
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CHAPTER 2 
CHAPTER 2 
DIETARY LYSINE REQUIREMENT OF FINGERLING HYBRID 
CLARIAS {Clarias gariepinus x Clarias macrocephalus) 
INTRODUCTION 
The very basic aim of aquaculture is to achieve cheap and best quaUty protein to 
cope with the protein energy malnutrition. The major portion of the world 
population is undernourished. Peoples worldwide eat more fish protein than any 
other type of animal protein, and annual averages are in the range of 15 kg per 
capita. However, the majority of the people dependent on fish as their protein 
source live in the developing world. In addition, developing countries are home to 
95% of the more than 30 million people who derive their income from fisheries 
and aquaculture. The importance of understanding protein values, essential amino 
acids, and limiting amino acids is the fundamental to deal with the problems 
associated with world hunger, principally protein malnutrition. To serve this 
purpose, different culturable fish species are reared through both extensive and 
intensive aquaculture. For intensive culture of fish, it is essential to develop 
balance diets to provide essential nutrients to the fish. To develop such diets it is 
not only necessary to know the specific nutrient requirements but also to optimize 
feed formulations in order to obtain fast growth of high quality fish at low costs. 
The suitability of a protein source in fish diets depends on its protein content and 
amino acid composition. The protein content should be high enough to meet the 
minimum required dietary protein level in a complete diet. Also, the amino acid 
composition' of diet determines the quality of protein and should match the amino 
acid needs of fish. Amino acids occupy a central position in cellular metabolism 
since almost all biochemical reactions are catalyzed by enzymes composed of 
amino acid residues. Amino acids are essential for carbohydrate and lipid 
metabolism for the synthesis of tissue proteins and many important compounds 
such as adrenalin, thyroxine, melanin, histamine, porphyrins— haemoglobin, 
pyrimidines and purines—nucleic acids, choline, folic acid and nicotinic acid-
vitamins, taurine- bile salts etc., and as a metabolic source of energy or fuel. 
Lysine is usually the first limiting amino acid in practical feedstuffs fed to 
warmwater fish. During the processing of feedstuff proteins, the d- amino group of 
lysine may react with non-protein molecules present in feedstuff to form 
additional compounds that render the lysine biologically unavailable. Thus, 
establishment of the dietary lysine requirement is essential for development of 
diets formulated for intensive culture offish. 
Dietary lysine requirements have been estimated for several species offish, 
including African catfish (Fagbenro et al. 1998*'), Atlantic salmon (Anderson et al. 
1993; Berge 1999; Berge et al. 2002; Rollin 1999), Asian sea bass (Gurrea et al. 
2001), blue tilapia (Liou 1989), catla (Ravi and Devaraj 1991), channel catfish 
(Wilson et al. 1977; Robinson et al. 1980), chinook salmon (Halver et al. 1958), 
chum salmon (Akiyama et al. 1985; Akiyama and Aral 1993), coho salmon (Aral 
and Ogata 1993), common carp (Nose 1979; Ogino 1980), European sea bass 
(Tibaldi and Lanari 1991), hybrid striped bass (Griffm et al. 1992; Keembiyehetty 
and Gatlin 1992), Japanese eel (NRC 1993), Japanese flounder (Forster and Ogata 
1998), milkfish (Borlongan and Benitez 1990), Mozambique tilapia (Jackson and 
Capper 1982), Nile tilapia (Santiago and Lovell 1988), rainbow trout (Kim et al. 
1992; Walton et al. 1984; Pfeffer et al.l992; Ogino 1980; Ketola 1983; 
Rodehutscord 2000; Rodehutscord et al. 2000), red drum (Craig and Gatlin 1992; 
Brown et al. 1988; Moon and Gatlin 1991), red sea drum (Forster and Ogata 
1998), rohu (Khan and Jafri 1993; Murthy and Varghese 1997), sea bass (Coloso 
et all993; Tibaldi et al. 1994; Tibaldi and Lanari 1991), South African abalone 
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(Shipton et al. 2002), striped bass (Small and Scares 2000), tilapia (Wu et al. 
2000), turbot (Kaushik 1998), white sturgeon (Ng and Hung 1995) and yellow tail 
(Ruchimat et al. 1997). 
Among culturable finfish species, catfish culture contributes a lot to this 
practice. Catfishes belonging to Ictaluridae, Claridae, Pangasidae and Siluridae 
families are widely distributed in different parts of the world, and their culture has 
been a traditional practice in some parts of South Asia. Their hardy nature and 
ability to remain alive out of water for long periods have been of special value in 
tropical countries and there is a specialized trade in 'live fish' in eastern India as 
well. One of the important culturable catfish species is hybrid Clarias {Clarias 
gariepinus x Clarias macrocephalus). The ability to adapt wide variations in 
salinity with the low oxygen content and to grow under generally poor 
environmental conditions makes this species extremely valuable for culture. 
Excepting the work of Unprasert (1994), no published information is 
available on dietary lysine requirement of hybrid Clarias (Clarias gariepinus x 
Clarias macrocephalus). Present study was, therefore, undertaken to determine the 
dietary lysine requirement of this fish. 
MATERIALS AND METHODS 
Experimental diet 
Six isonitrogenous (40% CP) and isocaloric (4.28 kcal/g, GE) amino acid test diets 
containing graded levels of lysine were formulated using casein, gelatin and L-
crystalline amino acid premix (Table 1). The dietary protein level was fixed at 
40% CP, reported optimum (Hashim et al. 1992) for the growth of hybrid catfish 
(Clarias gariepinus x C. macrocephalus). L-crystalline amino acids in the test 
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diets simulated the amino acid profile to that of 40% whole chicken egg protein, 
excluding the amino acid tested (lysine). The levels of lysine were in increment of 
0.25g/100g of dry diet. A casein-gelatin contributing the minimum quantity of the 
lysine and maximum quantities of other amino acids was maintained. The quantity 
of lysine was increased at the expense of glycine so as to make the diets 
isonitrogenous. The diets were made isoenergetic by adding a-Cellulose. The 
dietary levels of lysine in the amino acid test diets were fixed on the basis of 
information available for chaimel catfish, Ictalurus punctatus (NRC 1993). 
Method of preparation of experimental diets has been discussed under 
General Methodology Section (Page7-8). Proximate composition of the diets and 
carcass was estimated according to standard methods as described earlier (Page 9-
11). 
Feeding trial 
Source of fish, their acclimation and details of general experimental design have 
already been described under General Methodology Section (Page 7-8). 
Fingerling (4.33 ^ 0.04 cm; 0.770±0.32g) hybrid Clarias (C. gariepinus x 
C. macrocephalus) were stocked in triplicate groups in 70 L circular polyvinyl 
troughs (water volume 55L) fitted with continuous water flow-through (1-
1.5L/min) system at the rate of 10 fish per trough for each dietary treatment level. 
The fish were fed diet in the form of moist cake at a rate of 8% of their body 
weight (divided in two equal halves) per day at 0900 and 1600 h. No feed was 
offered to the fish on the day when weekly measurements were taken. Initial and 
weekly weights were recorded on a top loading balance (Precisa 120A) and feed 
allowances adjusted accordingly. The feeding trial was conducted for four weeks. 
Fecal matter and unconsumed feed, if any, were siphoned off before feeding. The 
average water temperature, dissolved oxygen, free carbondioxide, pH and total 
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alkalinity over the four weeks feeding trial, based on daily measurements, were 
26-28 ° C, 6.6-7.5 ppm, 5.5-10 mg/L, 7.2-7.8 and 60-80mg/L, respectively. These 
values were noted following the standard methods (APHA 1992). 
Growth parameters and feed utilization efficiencies were estimated using standard 
definitions (Page 11-12) 
Chemical analysis 
Proximate composition of casein, gelatin, and experimental diets, initial and final 
carcass was estimated using standard AOAC (1995) methods (Page 9-11). Desired 
number of fish were randomly sacrificed before the commencement of the feeding 
trial and pooled sample in triplicate were taken for determining the initial carcass 
composition. After completion of feeding trial, desired number of fish from each 
dietary treatment trough were sacrificed and analysed for their final carcass 
composition and gross energy. Whole body energy was determined in Gallenkamp 
ballistic bomb calorimeter (Page 11). Amino acid analysis of casein and gelatin 
was analysed with the help of Beckman System Gold HPLC unit. 
Statistical analysis 
All the growth data were subjected to analysis of variance (Snedecor and Cochran, 
1967; Sokal and Rohlf, 1981). Differences among treatment means were 
determined by Duncan's Multiple Range Test at P<0.05 level of significance 
(Duncan 1955). The break-point for optimum dietary requirement for arginine was 
estimated using quadratic regression analysis, as described by Zeitoun et al. 
(1976). 
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RESULTS 
Live weight gain, feed conversion ratio (FCR), protein efficiency ratio (PER) and 
specific growth rate (SGR) of hybrid Clarias (Clarias garipinus x Clarias 
macrocephalus) fed diets containing graded levels of lysine (1.75%, 2.00%, 
2.25%, 2.50%, 2.75%, 3.00%) are shown in Table 2. Maximum weight gain 
(536%), specific grov^h rate (6.60), protein efficiency ratio (1.49%), and best feed 
conversion ratio (1.68) were evident in fish fed diet containing 2.5% of lysine. 
However, on subjecting the weight gain data to quadratic regression analysis 
(Zeitoun et al. 1976), a break-point was evident at 2.64% lysine of the dry diet, 
corresponding to 6.6% of the dietary protein (Fig. 1). 
The mathematical relationship being; 
Y=911.688 X^ + 4261.553 X - 4460.08 (r-0.878, P<0.05) 
The FCR in fish fed 2.5% of lysine differed significantly (P<0.05) from the 
other dietary inclusion. The FCR (Y) to dietary levels of lysine (X) relationship 
was best described by a second-order polynomial curve (Fig. 2). 
The relationship being; 
Y= 1.394 X^- 7.005 X +10.581 (r = 0.970, P<0.05) 
Based on the above equation, the best FCR occurred at 2.51% of dietary 
lysine, corresponding to 6.27% of dietary protein (Fig. 2). 
Carcass composition of fish fed diets containing graded levels of lysine is given in 
Table 3. Significantly (P<0.05) lower carcass fat values were recorded in fish fed 
ligher doses (2.75 and 3.0%) of dietary lysine as compared to that fed lower doses 
1.75, 2.0, 2.25, and 2.5%) of dietary lysine where higher carcass fat content were 
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noted. However, carcass fat values remained insignificantly (P>0.05) different in 
fish fed higher and lower doses of dietary lysine. Minimum carcass moisture was 
recorded in fish fed 2.5% of dietary lysine which is significantly (P<0.05) different 
firom those fed 2.0, 2.75 and 3.0% dietary lysine. An inverse relationship was 
evident between carcass fat and moisture values. Significantly (P<0.05) lower 
carcass ash was recorded in fish fed diet containing 2.5% lysine. Carcass protein 
and protein deposition values were found to be significantly (P<0.05) higher at the 
requirement level (2.5%) as compared to other dietary treatments (Fig 3). 
DISCUSSION 
A basic principle of amino acid nutrition is the constant relationship of the amino 
acid requirements with protein intake up to the level of maximum growth. This 
principle is the basis for expressing the requirement data as the percentage of 
protein (NRC 1983). The recommendations are based mostly on studies with very 
small fishes under laboratory conditions with synthetic diets. If the essential amino 
acid requirements of fish are known, it may be possible to meet these needs in 
culture systems in a number of ways from different food proteins or combinations 
of food proteins. 
Lysine is generally the limiting amino acid for catfish. In aquaculture, 
lysine is a very expensive nutrient, whether in the form of high lysine feedstuffs 
such as fish meal, blood meal and liver meal or as synthetic lysine. With the 
present investigation, it is evident that lysine is an indispensable amino acid 
required by hybrid Clarias (C. gariepinus x C. macrocephalus) at higher level for 
maximum growth compared with other fish species. This fish registered 
significantly high weight gain when fed on a diet with 2.5% of lysine. Best FCR, 
PER and SGR were also noted at the same dietary lysine level. However, the 
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the quadratic regression analysis of FCR data indicates that 2.51% dietary lysine 
level is optimum requirement of hybrid Clarias (C. gariepinus x C. 
macrocephalus), corresponding to 6.27% of dietary protein (Fig. 2). This value is 
higher than the value reported for African catfish 5.7% (Fagbenro et al. 1998), 
Atlantic salmon 4% (Anderson et al. 1993); 3.2-3.6% (Berge 1999); 6.1% (Rollin 
1999), catla 6.2% (Ravi and Devaraj 1991), channel catfish 5.1% (Wilson et al. 
1977); 5% (Robinson et al.l980), chinook salmon 5% (Halver et al. 1958), chum 
sahnon 4.8% (Akiyama et al.l985); 5%) (Akiyama and Aral 1993), Clarias hybrid 
4.8%) (Unprasert 1994), coho salmon 3.8%) (Aral and Ogatal993), common carp 
5.7% (Nose 1979) 5.3% (Ogino 1980), hybrid striped bass 4% (Griffin et al. 
1992); 4% (Keembiyehethy and Gatlin 1992), Japanese flounder 4.6% (Forster 
and Ogata 1998), milkfish A% (Borlongan and Benitez 1990), Mozambique tilapia 
4.1% (Jackson and Capper 1982), Nile tilapia 5.1%o (Santiago and Lovell 1988), 
rainbow trout 3.7% (Kim et al. 1992); 4.2% (Walton et al. 1984); 4.2% (Pfeffer et 
al. 1992); 5.3% (Ogino 1980); 6.1% (Ketola 1983), rohu 5.9% (Khan and Jafri 
1993); 5.7% (Murthy and Varghese 1997), red drum 4.4% (Craig and Gatlin 
1992); 5.7% (Brown et al. 1998) and striped bass 4.9% (Small and Soares 2000). 
Survival of hybrid Clarias (C. gariepinus x C macrocephalus) in present 
study was found to be 100%. Ketola (1983) observed a very high rate of mortality 
and incidence of caudal fin erosion in rainbow trout fed with lysine deficient diet. 
However, neither mortality nor such pathological symptoms were evident in 
present study on hybrid Clarias (C. gariepinus x C. macrocephalus). 
Dietary lysine requirement of hybrid Clarias (C. gariepinus x C. 
macrocephalus) was worked out to be 2.51%) of the dry diet, corresponding to 
6.27% of protein. Data developed during the present study would be useful in 
developing lysine balanced diets for the intensive culture of this fish. 
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SUMMARY 
Dietary lysine requirement of hybrid Clarias (C. gariepinus x C. macrocephalus) 
fingerling (4.33 4- 0.04 cm; 0.770±0.32g) was determined by feeding six 
isonitrogenous (40% CP) and isocaloric (4.28kcal/100g, GE) amino acid test diets 
containing casein, gelatin and L-crystalline amino acids with graded levels of 
lysine (1.75%, 2.0%, 2.25%, 2.50%, 2.75%, 3.0%) for four weeks in triplicate 
groups. Live weight gain and food conversion ratio were significantly (P<0.05) 
higher in fish fed diet containing 2.50% of the dietary arginine. Second degree 
polynomial regression analysis of live weight gain and FCR data indicated the 
dietary lysine requirement at 2.64% and 2.51% of the dry diet, corresponding to 
6.6% and 6.27% of the dietary protein, respectively. Significantly (P<0.05) higher 
carcass protein and protein deposition values were recorded at requirement level. 
Higher fat and lower carcass moisture was evident in fish fed with 2.5% of dietary 
lysine. Significantly (P<0.05) lower carcass ash was obtained in fish fed diet with 
2.5% lysine. The average water temperature, dissolved oxygen, free 
carbondioxide, pH and total alkalinity during the experiment were recorded. No 
mortality was noted during the feeding trial. 
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Fig. 1 Second-order polynomial relationship of live weight gain to lysine levels. 
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